In a closed-loop supply chain (CLSC), the right alliance can help manufacturers better manufacture green products and make more profits. Choosing the most suitable alliance partner is also critical for manufacturers. In regard to product greenness and recycling competition, this paper considers the CLSC comprised of a dominant manufacturer, a retailer, and a third-party recycler. Based on the Stackelberg game and equilibrium analysis, we discuss the optimal supply chain decision-making under four different models. Then, in order to ensure supply chain (SC) members' enthusiasm to participate in the alliance, we design a profit distribution method to distribute the total profit to SC members. The results show that manufacturer's optimal alliance decision is related to the degree of recycling competition. When less than the threshold, C alliance(the manufacturer make an alliance with the retailer and the third-party recycler at the same time) is optimal, otherwise, MR alliance(the manufacturer and the retailer make an alliance ) is more beneficial for the manufacturer.
Introduction
At present, environmental pollution issues are receiving extensive attention, many companies (such as General Electric, Body Shop, Midea) are putting a lot of effort into protecting the environment [1, 2] . Actually, many developing and developed countries have implemented some policies to achieve sustainable development of resources. For example, in 1989, China promulgated the Environmental Protection Law of China, which plays an active role in improving and protecting the environment [3] . The German government enacted the Packaging Regulations in 1991, which requires product manufacturers and packaging manufacturers to undertake the classification and recycling of used packaging containers [4] . At the same time, with the increasing awareness of resource conservation and the advancement of government policies, more and more consumers are tending to buy green products for the environmental and health reasons since the start of the 20th century [5] [6] [7] . Recycling and green consumption is of great significance to resource conservation and environmental protection. It can not only help save costs and make more profits but also protect brand image and enhance brand value to some extent. Some enterprises recycle their own packing and have introduced the concept of green production after recycling, so as to achieve the purpose of saving resources and green production. For example, Kiehl's has made a contribution to environmental protection by recycling cosmetic bottles and adding green elements to make new products [8] . Starting from the brand itself, since 2011, all Kiehl's counter KCR (Kiehl's customer service representatives) have been gradually wearing special work clothes made of green textile technology. Ten plastic bottles can be made into KCR work clothes, and this not only solves the problem of empty bottles, but also reduces the clothing production costs [9] . However, there are still some problems in the recycling market, such as the fierce competition 
Basic Models
In reality, there is a closed-loop SC composed of manufacturers, retailers, and third-party recyclers; for example, Kiehl's and its cosmetic bottle recyclers and manufacturers. In order to make more profits and increase social welfare, some manufacturers independently recycle the used products and then introduce advanced technology to remanufacture notebooks, clothes, backpacks, and so on, which can meet the environmental protection needs [47, 48] . However, green R&D (research and development) and recycling both require a lot of costs, and if the manufacturer completes these tasks independently, it will inevitably decrease profits significantly. So, manufacturers need to select an alliance partner to jointly undertake R&D and recycling tasks. Through the alliance, the stable and sustainable development of the SC can be maintained [49] . In this section, we will establish four different alliance models to analyze the decisions of manufacturers. The different alliance decisions that manufacturers can choose are shown in Figure 1 . Note: C stands for centralized decision-making (the manufacture make an alliance with the retailer and the thirdparty recycler at the same time); D stands for decentralized decision-making (the manufacture make no alliance with any supply chain member); MR stands for the manufacturer make an alliance with the retailer; MC stands for the manufacturer make an alliance with the third-party recycler. Figure 1 shows the four alliance models constructed in this paper. In model D, there is no alliance relationship among manufacturer, retailer, and third-party recycler. They make independent decisions, which is a decentralized decision. In model C, the manufacturer, the retailer, and the thirdparty recycler are in alliance at the same time, and they make decisions together, which is actually a centralized decision. In model MR(the manufacturer make an alliance with the retailer), the manufacturer and the retailer make an alliance and decide jointly, and the third-party recycler makes decisions independently. In model MC(the manufacturer make an alliance with the third-party recycler), the manufacturer allies with the third-party recycler, and the retailer makes independent decision.
In a closed-loop SC consisting of a dominant manufacturer, a retailer, and a third-party recycler, the manufacturer is responsible for remanufacturing and producing new green products. The retailer wholesales products from the manufacturer and sells them to consumers at a certain price. At the same time, the manufacturer and the third-party recycler recycle the used products from the customers, and the products recycled by the third-party recycler are delivered to the manufacturer with a transfer price.
Since this paper mainly selected the optimal alliance type for the manufacturer from the perspective of profit maximization (the profit of the manufacturer and CLSC), we assumed that the products' quality, delivery time, risk, and other factors in the different models were the same. Let Figure 1 . Different alliance modes. Note: C stands for centralized decision-making (the manufacture make an alliance with the retailer and the third-party recycler at the same time); D stands for decentralized decision-making (the manufacture make no alliance with any supply chain member); MR stands for the manufacturer make an alliance with the retailer; MC stands for the manufacturer make an alliance with the third-party recycler. Figure 1 shows the four alliance models constructed in this paper. In model D, there is no alliance relationship among manufacturer, retailer, and third-party recycler. They make independent decisions, which is a decentralized decision. In model C, the manufacturer, the retailer, and the third-party recycler are in alliance at the same time, and they make decisions together, which is actually a centralized decision. In model MR(the manufacturer make an alliance with the retailer), the manufacturer and the retailer make an alliance and decide jointly, and the third-party recycler makes decisions independently. In model MC(the manufacturer make an alliance with the third-party recycler), the manufacturer allies with the third-party recycler, and the retailer makes independent decision.
Since this paper mainly selected the optimal alliance type for the manufacturer from the perspective of profit maximization (the profit of the manufacturer and CLSC), we assumed that the products' quality, delivery time, risk, and other factors in the different models were the same. Let ω, p, A, b represent the wholesale price, retail price, recycling price, and transfer price, respectively. Since there is no difference between new products and remanufactured products, assume that consumers are equally receptive to both of them. Assume that c m , c r represent the manufacturer's unit cost for producing a new product and a remanufactured product, respectively, and they satisfy c m < c r . Then ∆ = c m − c r is the unit cost saved by the manufacturer in remanufacturing. In order to ensure that manufacturer and recycler are profitable, it is necessary to meet the condition that ∆ > b > A.
Because consumers tend to buy green products, the higher the product greenness is, the lower the price, and the higher the sales volume of the products. In short, the product quantity ordered by the retailer is negatively correlated with sales price and positively correlated with greenness. According to the analysis, the market demand function can be written as D = a − αp + βg [50] , where a, α, β, g represent the basic market demand, the consumer sensitivity coefficient of product prices, the greenness degree, and the greenness of the products, respectively, and α, β > 0.
In the CLSC, there is competition between these two recycling channels. Referring to reference [33] , assume that τ m , τ c represent the recycling rates of manufacturer and third-party recycler, respectively, and they satisfy I m =
represent the recycling investment of the manufacturer and third-party recycler, the difficulty of recycling, and the recycling competition coefficient, respectively. The difficulty of recycling is also known as the recycling cost coefficient in some literature. The larger the value, the lower the recycling efficiency [51, 52] . The recycling competition coefficient is used to measure the competition degree between recycling parties in the market. It is a kind of competition in the reverse SC [33] . The higher θ, the more intense the competition between the manufacturer and third-party recycler. Therefore, the recycling cost of the manufacturer and the third-party recycler can be written as I m = mτ m 2 +θmτ c 2 2(1−θ 2 ) and I c = mτ c 2 +θmτ m 2 2(1−θ 2 ) , respectively. In addition, in order to improve the product greenness, manufacturers need to invest a certain amount into R&D costs. Assuming that R&D costs are quadratic with product greenness [53] , then the R&D costs can be described as I m = 1 2 cg 2 , where c represents the input coefficient of R&D costs and c > 0. It can be found that the manufacturer's technical input cost is a convex function of the product greenness, so excessive input cost is not economical for the manufacturer. We assumed that the decision-making period of the CLSC was a single period, and the influence of the previous cycle on current decision-making period was not considered.
In the CLSC, each member makes decisions with the goal of maximizing profits. Let π i j , π j represent the profit of decision maker i in the model j and the CLSC profit in the model j, where i = T, m, r, c, respectively, represent cooperative alliance, manufacturer, retailer, and third-party recycler, and j = D, C, MR, MC. Let π m , π r , π c express the profit functions of the manufacturer, retailer, and third-party recycler, respectively, according to the above analysis, their expressions are written as follows, respectively:
According to the above analysis, from the view of the recycling competition and product greenness, in order to solve such an alliance decision problem with a dominant manufacturer, we used a Stackelberg game (the dominant manufacturer has the priority to decide, the retailer and third-party recycler make decisions based on the manufacturer) to analyze four kinds of modes. Then, we analyzed the optimal profit, price, and greenness degree under the different alliances, so that we could select the most profitable alliance for the manufacturer under the condition of guaranteeing product quality.
Decision Analysis Considering Product Greenness and Recycling Competition
With the increase in serious environmental problems and environmental protection awareness, manufacturers are paying more attention to the green cycle of products. The green cycle is the process of producing, selling, recycling, and re-manufacturing products. Manufacturers will consider the green preferences of consumers while producing products, and invest a certain amount to improve the product greenness. Generally speaking, the more costs invested, the greater the product greenness and the higher the price. However, multiple recyclers often compete in the process of product recycling, which may have an impact on the SC optimal decision. Therefore, the manufacturers would like to seek the best alliance to recycle the used products and develop green products. This paper analyzes the influence of different models (model D, model C, model MR, and model MC) on the optimal decision of CLSC.
Optimal Decision of CLSC under no Alliance (Model D)
In model D, each SC decision maker aims to maximize their own interests, and the manufacturer does not ally with any member. The decision order is that the manufacturer as the leader decides the wholesale price ω, transfer price b, product greenness g, and recycling rate τ m , and then the retailer decides the retail price p the third-party recycler decides the recycling rate τ c . In model D, the profit function of the manufacturer is shown as follows:
Theorem 1: In model D, the optimal wholesale price, transfer price, greenness, and recycling rate of the manufacturer, the optimal retail price, and recycling rate of the third-party recycler can be shown as follows:
Proof: By solving the first-order derivative of the profit functions of retailer and the third-party recycler over p, τ c , and letting ∂π r D ∂p = 0, ∂π c D ∂τ c = 0, we can obtain the following:
Substitute (10) into the object function π m D , by calculating the first-order partial derivative over ω, g, b, τ m , and setting ∂π m D ∂ω = 0, ∂π m D ∂g = 0, ∂π m D ∂b = 0, ∂π m D ∂τ m = 0, and we can calculate the optimal decisions for manufacturer, retailer, and third-party recycler by combining it with the expression (10).
By taking (4)-(9) into object function and constraint function, then we can calculate the profits of the manufacturer, retailer, and third-party recycler and SC system as follows:
Theorem 2: If θ * ≤ θ ≤ 1, then the third-party recycler will withdraw from the recycling market, and
Proof: If the third-party recycler withdraws from the recycling market, there is π c D * < 0, and then 1] , so the threshold can be obtained. QED.
According to Theorem 2, the third-party recycler and manufacturer will participate in recycling activities simultaneously only when the competition intensity is less than the threshold θ * . Otherwise, the third-party recycler will exit the recycling market. This is because the third-party's income mainly comes from manufacturer's transfer price. When competition intensity increases, the manufacturer's own recycling cost increases, which will reduce the transfer price paid to the third-party recycler. At the same time, greater competition intensity also increases the recycling cost of the third-party recycler. In summary, as competition intensity increases, the cost of third-party recycler also increases, and the profits continue to decrease until they are negative, so the third-party recycler will eventually choose to withdraw from the recycling market.
Theorem 3:
When θ * ≤ θ ≤ 1, the optimal decisions in model D are shown as follows:
Proof: The proof is slightly similar to theorem 1.
So, the profits of the manufacturer, the retailer, the third-party recycler, and the systems are, respectively, given as follows:
Theorem 4: In model D, the manufacturer's recycling volume is always greater than the third-party recycler.
Proof: When the manufacturer and the third-party recycler compete for recycling in the market, there is τ m D * τ c D * = θ + 2 and θ ∈ [0, 1], which indicates that the recycling rate of the manufacturer is at least twice that of the third-party recycler. This is because the manufacturer dominates the SC, and the decisions of the third-party recycler are affected by the manufacturer. When the two are in a competitive position, the manufacturer will reduce the transfer price, which means the third-party recycler does not want to invest too much in recycling activities. Also, when competition between the two is fierce, the third-party is in a passive position, and then the recycling market is occupied by the manufacturer, leading to the withdrawal of the third party. This also proves the effectiveness of Theorem 2.
Optimal Decisions under the Manufacturer in Alliance with the Retailer and Third-Party Recycler Simultaneously (Model C)
Under model C, the CLSC contains the manufacturer, retailer, and third-party recycler. The CLSC members want to maximize the system profits through an alliance, so they jointly determine the retail price of the product p, product greenness g, and recycling rate τ m , τ c . If 0 ≤ θ ≤ θ * , then the system profit function can be expressed as follows:
Theorem 5: In model C, the optimal retail price, greenness, and recycling rate of the product are shown as follows:
Proof: By calculating the first-order partial derivative over p, g, τ m , τ c in Equation (22), we can obtain that:
and then we can obtain the Hessel matrix:
If the function π C has a maximum value, then it will satisfy as follows:
If the function π C is a strict concave function, then the objective function has the optimal decision. Let Equation (26) be equal to 0 and combine it with π C , and we can obtain the optimal retail price, greenness, and recycling rate p C * , g C * , τ m C * , τ c C * . QED.
By substituting p C * , g C * , τ m C * , τ c C * into Equation (22), the system profit in model C can be calculated as follows:
Optimal Decisions under the Alliance of the Manufacturer and Retailer (Model MR)
In model MR, the manufacturer and retailer form an alliance to determine the retail price of the product, transfer price, product greenness, and recycling rate, and then the third-party recycler decides the recycling rate. When 0 ≤ θ ≤ θ * , the objective function and the constraint conditions can be shown as follows:
Theorem 6L In model MR, when 0 ≤ θ < θ * , the manufacturer's optimal greenness, transfer price, and recycling rate, the optimal retail price, and the optimal third-party recycling rate are shown as follows:
Proof: Slightly. By substituting (30)-(34) into objective function and constraint function, we can obtain the optimal profits of the third-party recycler and the MR alliance, as follows:
and the system profit is:
Theorem 7: If θ * ≤ θ ≤ 1, the optimal decisions in model MR will be as follows:
Proof: Slightly.
Theorem 8:
The withdrawal of the third-party recycler from the recycling market has always been beneficial to the manufacturer and retailer.
Proof: In model D, when third parties withdraw from the recycling market, there is θ * ≤ θ ≤ 1:
Similarly, in model MR, when third parties withdraw from the competitive market,
Optimal Decision under the Alliance of the Manufacturer and Third-Party Recycler (Model MC)
In model MC, the manufacturer and third-party recycler collaborate and form an alliance. They first decide the wholesale price ω, greenness g, recycling rate τ m , τ c , and then the retailer decides the retail price p. If 0 ≤ θ ≤ θ * , we can obtain the following expressions:
Theorem 9: In model MC, the optimal wholesale price, greenness, recycling rate, and product optimal price can be, respectively, expressed as follows:
By bringing expressions (42)-(47) into the objective function and the constraint function, we can get the optimal profit of the retailer, the manufacturer, and the third-party recycler in model MC:
Comparison Among the Optimal Decisions under Different Modes
By comparing the optimal decisions in different modes, we can obtain the regular of the optimal decisions. The regular can provide a theoretical reference for the subsequent analysis. Therefore, we will compare and analyze the wholesale price, retailer price, greenness, and profit in different modes.
Conclusion 1:
The optimal wholesale price meets the following conditions.
Conclusion 1 shows that when the degree of competition is less than 1 2 , which indicates that the recycling competitiveness is at the dividing point, the wholesale price in model D is greater than that in model MC. In model MC, the wholesale price increases with competition intensity. When the competition intensity reaches the threshold θ * , the third-party recycler will withdraw from the recycling market in model D, and the wholesale price in model D goes down suddenly and then remains unchanged after the threshold θ * . This is because when the third-party recycler exits the recycling market, the manufacturer will recycle independently, which avoids the marginal effect of the reverse supply chain, so the wholesale price goes down. The optimal wholesale price in model MC is higher than that of no alliance in the end. Because of the lower competitive intensity, the MC alliance can increase the total recycling volume, so the manufacturer can provide the retailer with a lower wholesale price. However, when the competition intensity increases to a certain extent, the recycling cost between two parties also increases, so the wholesale price is higher. This shows that the weaker the competition intensity is, the more conducive to consumers.
Conclusion 2:
The optimal retail price satisfies the following conditions: It can be found from Conclusion 2 that the retail prices under models MR and C are always lower than that under MC and D modes, because the manufacturer and retailer together can enhance the market information and better grasp the consumer dynamics. When the third-party recycler exits the recycling market, the retail price under model D and MR will suddenly drop, because from conclusion 1, we find that when the third-party recycler exits the recycling market, the wholesale price decreases, so the retail price reduces. In addition, when θ is small enough, the retail price in model MR is greater than that in model C; when competition θ is high, the retail price in model C is higher than that in model MR. This suggests that model C is the most beneficial to consumers when recycling competition is small, otherwise model MR is more beneficial. This means that when the competition is low, the cooperation among the manufacturer, retailer, and third-party recycler will improve the SC decision-making efficiency. However, with an increase in recycling competition, the cooperation between the manufacturer and third-party will decrease and the contradiction will be aroused, so the decision-making efficiency will be lower than that in the MR model. So, it can be seen that when θ is smaller, the more alliance members, the higher the optimal retail price, but when θ reaches a certain value, this relationship will no longer exist.
Conclusion 3:
The optimal greenness meets the following conditions:
According to Conclusion 3, when the manufacturer and third-party recycler recycle at the same time, the product greenness in model C is the largest. However, when the third party withdraws from the recycling market and the competition intensity increases to the threshold θ * * = 5 4 − √ 17 4 , the greenness of model MR is bigger than that of model C. This shows that before the third-party exits the recycling market, the manufacturer's optimal decision is allying with manufacturer and retailer. This is because when the competition degree is low, more alliance members can reduce the manufacturer's production cost, so that more capital can be invested in the improvement of product greenness. However, as competition becomes more and more intense, model MR will weaken the influence of the third-party recycler. Therefore, model MR has certain advantages, and the product greenness investment is also the highest. Secondly, compare model MC and model D. When the competition degree is small, the greenness of the MC model is greater than that of the D model, but when θ > 1/2, the greenness is greater in model D. Because the competition degree is relatively small, the third party participates in recycling activities, and the MC model can improve the decision-making efficiency, so the greenness degree is relatively high. When the competition degree increases to 1/2, competition reduces the decision-making efficiency of the MC model.
Combined with Conclusion 2, it can be found that the lower the retail price, the higher the greenness. This shows that the manufacturer can achieve higher green products at a lower price through alliance, which is beneficial to consumers and the environment.
Conclusion 4:
When τ m C * is equal to τ m MR * , the optimal decision is θ 1 , and when τ m C * is equal to τ D * m , the optimal decision is θ 2 . So, we can get following results:
According to Conclusion 4, the manufacturers' recycling rate is more complex. However, it shows that if the size of the recycling competition cannot be determined, the advantage of model MR is more obvious. Compared with model C and model MR, when the competition degree is relatively small, the recycling rate of the manufacturer in model C is greater than that in model MR. This is because when the competition is low, the larger the number of alliance members, and the higher the decision-making efficiency. However, with the increase in competition degree, the recycling rate of the manufacturer in the MR model is higher than that in model C, because the higher the competition, the lower the decision-making efficiency. The change in manufacturer recycling rate in model C and model MC is consistent with the change in model C and model MR. For model C and model D, before the critical point θ 2 , the recycling rate of the manufacturer in model C is greater than that in model D, and after that, the recycling rate of the manufacturer in model D is greater than that in model C. This is because model D is equivalent to decentralized decision-making, with low efficiency. However, with the increase in recycling competition, the competition between the manufacturer and third-party is intensified. More alliance members cause the opinions to be inconsistent, leading to low decision-making efficiency. The change in manufacturer recycling rate in model MC and model D is consistent with the change in model C and model D.
Conclusion 5:
When τ MR * c is equal to τ MC c , its optimal decision is θ 3 , and the third-party recycling rate will meet following conditions:
According to Conclusion 5, if we select model C, after reaching the critical point (the third party doesn't recycle any more), the third-party recycling rate will no longer be optimal.
Comparing model MR and model MC, for the third-party recycler, when they participate in market recycling and the competition is small, since the manufacturer is in a dominant position, the alliance of the two restricts the recycling of the third-party recycler. In this case, if the manufacturer chooses to make an alliance with the retailer, the third-party recycler has enough energy to devote itself to the recycling activity, so its recycling rate in model MR is higher than that in model MC. However, when it reaches the threshold θ * , the third party needs to ally with the manufacturer, otherwise they will be forced to exit the recycling market. So, the third-party recycling rate under model MC is higher than that of model MR in the end.
For model C and mode, MC, the third party will not withdraw from the recycling market regardless of competition. However, as the number of alliance members increases, the interests of each subject become more dispersed, and the manufacturer is in the dominant position. Therefore, finally, the third-party recycling rate in model C is the lowest.
Conclusion 6:
For alliance profits, we can find the following conclusions:
4 , then π C * > π T MR * > π T MC * ;
(2) If 5 4 − √ 17 4 < θ ≤ 1, then π T MR * > π C * > π T MC * .
For the profit of the CLSC system, we can see that:
(1) If 0 < θ ≤ 5 4 − √ 17 4 , then π C * > π MR * > π MC * > π D * ; (2) If 5 4 − √ 17 4 < θ ≤ 1 2 , then π MR * > π C * > π MC * > π D * ; (3) If 1 2 < θ ≤ 1, then π MR * > π C * > π D * > π MC * .
According to Conclusion 6, when there are two recyclers in the market, the thresholds θ * * = 5 4 − 1 4 √ 17, and when θ < θ * * , the alliance and system profits in model C are all optimal, otherwise model MR is the best alliance. When θ > 1 2 , the system profit in model D is greater than that in model MC. This also shows that the third-party recycler exiting from the recycling market is beneficial to both the manufacturer and the SC system.
Revenue Distribution after Alliance
From the analysis in Section 5, we can find that when the degree of recycling competition is less than θ * * θ * * = 5 4 − √ 17 4 , both the alliance profit and CLSC profit are bigger than that of model MR. When the recycling competition is greater than θ * * , the profits of the alliance and CLSC in model MR are bigger than that of model C. However, this only shows that model C or model MR are the optimal alliance decision from the perspective of CLSC for manufacturer. As a manufacturer, it is also necessary to ensure that the profit of each subject after the alliance is greater than that before the alliance. We assumed that the manufacturer, retailer, and third-party recycler have the same profit-sharing proportion under the four different alliance models. So, with the same sharing proportion, the more profits the system makes, the more profits each subject will receive. Therefore, in this chapter, we need to conduct profit distribution for model C and model MR, and further determine the conditions for optimal alliance decision. Under this distribution mechanism, each SC subject shares the profit of the system in a certain proportion.
The Revenue Distribution in Model C
Assume that λ 1 , λ 2 , λ 3 represent the sharing proportion of CLSC profit distributed by the manufacturer, retailer, and third-party recycler, respectively, and 0 < λ 1 + λ 2 + λ 3 ≤ 1. From the view of the profit of CLSC system, when model C is optimal, in order to further ensure that model C is the optimal alliance decision for the manufacturer, it must satisfy:
If we solve Equation (41), we can get,
Among these, A 1 > A 2 > A 3 > 0, and,
This shows that when the supply chain profit of model C is the highest, the manufacturer can get the highest revenue according to this revenue distribution.
The Revenue Distribution in Model MR
Like the idea in Section 6.1, we assume that ρ 1 , ρ 2 represent the sharing proportion of CLSC profit distributed by the manufacturer and retailer, respectively, and 0 < ρ 1 + ρ 2 ≤ 1. From the view of the profit of CLSC system, when model MR is optimal, in order to further ensure that model MR is the optimal alliance decision for the manufacturer, it must satisfy:
If we solve Equation (51), we can get,
Among these, B 1 > B 2 > 0 and:
Also, this shows that when the supply chain profit of model MR is the highest, the manufacturer can get the highest revenue according to this revenue distribution.
In this chapter, based on the optimal alliance decision from the view of system profit maximization, we tried to determine the profit distribution of the alliance subjects and the conditions for each subject to participate actively in the alliance. Combining Sections 5 and 6, we can say that when the degree of recycling competition is less than θ * * , model C is the best alliance; otherwise, model MR is optimal.
Numerical Illustration
According to report of Economic Co-operation and Development Organization in 2018, about 300 million tons of human-generated plastic flows into the natural environment every year. By 2050, the accumulated plastic waste in the natural environment is expected to reach 120 tons. Now, the global recycling rate of plastic waste is only 15%, and the treatment of plastic waste is particularly important. Kiehl's insists on mining raw materials based on the principle of fair trade and respect for nature. At the same time, it adheres to the concept of simple and environmentally friendly packaging and maximizes the use of recyclable materials. In 2008, Kiehl's launched a new green product that contains 100% biodegradable natural ingredients, for which all packaging materials can be recycled. The recycled cosmetic bottles can be used to make fabrics, cloth bags, and so on. Besides this, manufacturers can use the empty cosmetic bottles to produce green KCR uniforms. In order to find a balance between cost and greenness, we hope to choose the right partner for a manufacturer. So, we analyzed manufacturer's alliance decisions by specific values. It is known that the manufacturer is also involved in recycling activities while entrusting a third-party with recycling. To further prove the validity of the conclusion, we took the cost of producing a new uniform and cost of remanufacturing as c m = 6 RMB/piece and c r = 2 RMB/piece. Other parameters were as follows:a = 75, α = 7, m = 120, A = 2, c = 3, β = 3.
According to Table 2 , there is a certain threshold for competition strength, above which, the third party exits from the recycling market. When the manufacturer and the third-party recycler participate in the recycling at the same time, there is the following two results: (1) For the retailer and the third-party recycler, their profits under the alliance are greater than those without the alliance, and the total profits of the manufacturer and alliance members are greater than under no alliance. Therefore, in this case, an alliance is better than non-alliance; (2) As competition intensifies, the profits of the SC members and system are both decrease. When the competition intensifies to a certain extent, there are the following conclusions: (1) Model MC is not good for the retailer, the profits of the retailer are lower than that of non-alliance, and it is also decreasing. Moreover, the total profits in model MC are lower than in model D. Therefore, the manufacturer will not ally with the third-party recycler; (2) Regardless of competition intensity, when the manufacturer allies with the retailer, the alliance's profit and system profit are greater than that of model MC. Therefore, compared with model MC, the profits of model MR are bigger; (3) When competition intensity is large enough, the profit in model C will be smaller than that in model MR, which explains that the best alliances are not always manufacturers, retailers, and third-party alliances. To further verify the effectiveness of profit distribution, for model C and model MR, we took θ = 0.1 and θ = 0.4, respectively.
When θ = 0.1, we figured out π m D * = 23.62, π r D * = 14.35, π c D * = 0.17, π C * = 63.35, then we could get: 0.37 ≤ λ 1 ≤ 0.76, 0.23 ≤ λ 1 ≤ 0.62, , 0.01 ≤ λ 1 ≤ 0.4.
According to this distribution ratio, after alliance, the profits that the manufacturer, retailer, and third-party recycler can gain are at least: π m D * = 24.07 > π m D * , π r D * = 14.57 > π r D * , π c D * = 0.63 > π c D * .
When θ = 0.4,we figured out π m D * = 23.30, π r D * = 13.96, π C * = 53.59, then we could get:
According to this distribution ratio, after alliance, the profits that the manufacturer, retailer, and third-party recycler can gain are at least: π m D * = 23.58 > π m D * , π r D * = 14.47 > π r D * .
Therefore, we found that this kind of profit distribution can help the manufacturer make more accurate alliance decisions.
In order to successfully analyze the impact of recycling competition on CLSC decisions, we made a sensitivity analysis. Table 3 shows the numerical analysis of the optimal solutions under the four alliance models. Under different degrees of recycling competition, they show obvious regularity in increase or decrease. The numerical analysis can help us to make the sensitivity analysis more intuitively. According to Figure 2 a and b , when the third-party recycler and manufacturer recycle the Kiehl's cosmetic bottles at the same time, the wholesale price and retail price will increase, as recycling competition intensifies. This can also be verified numerically in Table 2 ; when the third-party recycler withdraws from the recycling market, both the wholesale price and retail price in model D or model MR are lower than when the third-party recycler is participating in recycling competition. This is because when competition intensity increase, the cost of recycling bottles by the manufacturer increases, too. As a result, the wholesale price and retail price will both increase. When the third-party recycler is no longer participating in recycling, the manufacturer is in a dominant position in decision-making, and recycling costs will be reduced. Thus, the wholesale price and retail price are lower, and thereby we can achieve greater sales. 
. The Impact of the Competition Intensity on Wholesale Price and Retail Price
According to Figure 2 a and b, when the third-party recycler and manufacturer recycle the Kiehl's cosmetic bottles at the same time, the wholesale price and retail price will increase, as recycling competition intensifies. This can also be verified numerically in Table 2 ; when the thirdparty recycler withdraws from the recycling market, both the wholesale price and retail price in model D or model MR are lower than when the third-party recycler is participating in recycling competition. This is because when competition intensity increase, the cost of recycling bottles by the manufacturer increases, too. As a result, the wholesale price and retail price will both increase. When the third-party recycler is no longer participating in recycling, the manufacturer is in a dominant position in decision-making, and recycling costs will be reduced. Thus, the wholesale price and retail price are lower, and thereby we can achieve greater sales.
(a) Effect of θ on wholesale price.
(b) Effect of θ on retail prices. However, when competition intensity increases to a certain value, the wholesale price of model MC is higher than that of model D. It is shown in Table 3 that when θ = 0.4, ω MC < ω D (8.46 < 8.50). However, when θ = 0.6, ω MC > ω D (8.53 > 8.50) .This is because the manufacturer and third-party recycler combine in order to get more revenue, but the increase in competition also bring more recycling costs, so the wholesale price and retail price of the alliances is higher than that of no alliance. Similarly, the retail price of uniforms in model C will eventually be greater than in model MR. Therefore, model C is not always better than model MR.
The Impact of the Competition Intensity on Transfer Price and Greenness
According to Figure 3a ,b, the transfer price always decreases as the competition intensity increases, because when competition intensity is large, the manufacturer's recycling costs will increase and the transfer price paid to the third-party recycler will decrease, which is why the third-party recycler withdraws from the recycling market. At the same time, the greenness invested by the manufacturer in KCR uniforms will also decrease. Within a certain range, the product greenness in model C is greater than that in model MR. However, when the recycling competition between the manufacturer and third-party recycler is large enough, the product greenness in model MR is better than that in model C. It can be seen from Table 3 that when θ = 0.2, g C > g MR (3.56 > 3.48) . However, when θ = 0.4, g C < g MR (3.25 < 3.52) . This shows that the product greenness in model C is not necessarily optimal. This is consistent with the conclusions obtained in Figure 2 .
manufacturer and third-party recycler is large enough, the product greenness in model MR is better than that in model C. It can be seen from . This shows that the product greenness in model C is not necessarily optimal. This is consistent with the conclusions obtained in Figure 2 . 
The Impact of the Competition Intensity on Recycling Rate
According to Figure 4a ,b, the following conclusionscan be made. For the manufacturer: (1) When the third-party recycler competes for recycling, the manufacturer's recycling rate decreases as competition intensity increases under the four different models. This is because competition will lead to the reduction of the SC decision-making efficiency; (2) When competition intensity is low, the manufacturer's recycling rate is the highest in model C, but as competition intensity increases, when the third-party recycler has not exited from the recycling market, the manufacturer's recycling rate in model MR is higher than in model C. This phenomenon can be clearly seen in Table 3 , that is, when ). This is because when competition intensity is low, the manufacturer is 
According to Figure 4a ,b, the following conclusionscan be made. For the manufacturer: (1) When the third-party recycler competes for recycling, the manufacturer's recycling rate decreases as competition intensity increases under the four different models. This is because competition will lead to the reduction of the SC decision-making efficiency; (2) When competition intensity is low, the manufacturer's recycling rate is the highest in model C, but as competition intensity increases, when the third-party recycler has not exited from the recycling market, the manufacturer's recycling rate in model MR is higher than in model C. This phenomenon can be clearly seen in Table 3 , that is, when θ = 0, τ m C > τ m MR (0.50 > 0.45). However, when θ = 0.2, τ m C < τ m MR (0.22 > 0.26). As the recycling degree increases, the difference in the manufacturer's recycling rate between model MR and model C is greater; (3) Finally, the manufacturer's recycling rate in model C is lower than that in model MC (From Table 3 , when θ = 0.2, τ m C > τ m MC (0.22 > 0.14); however, when θ = 0.6, τ m C < τ m MC (0.04 < 0.06)). This is because when competition intensity is low, the manufacturer is in a dominant position, and the decision-making efficiency is high when they ally with the retailer and third-party recycler at the same time. However, as competition increases, the retailer has a better grasp of the market. The alliance of the manufacturer and retailer can weaken the market influence of the third-party recycler to a greater extent. Therefore, the advantage of model MR in increasing the manufacturer's recycling rate is more obvious. However, due to the high competition intensity, despite its dominance in model C, the manufacturer needs to devote more energy to management, which greatly reduces the efficiency of the supply chain. Therefore, the recycling rate is ultimately lower than that in model MC. in a dominant position, and the decision-making efficiency is high when they ally with the retailer and third-party recycler at the same time. However, as competition increases, the retailer has a better grasp of the market. The alliance of the manufacturer and retailer can weaken the market influence of the third-party recycler to a greater extent. Therefore, the advantage of model MR in increasing the manufacturer's recycling rate is more obvious. However, due to the high competition intensity, despite its dominance in model C, the manufacturer needs to devote more energy to management, which greatly reduces the efficiency of the supply chain. Therefore, the recycling rate is ultimately lower than that in model MC.
(a) Effect of θ on manufacturer recycling rate. (b) Effect of θ on third-party recycling rate. For the third-party recycler: (1) In the four models, the recycling rate of the third-party recycler will decrease with the increase in competition. When competition intensity is low, the third-party recycler has the highest recycling rate in model C, because increased competition will lead to higher recycling costs, so the manufacturer will reduce the transfer price paid to the third-party recycler. This results in a lack of incentive for the third-party recycler to participate in the recycling; (2) Finally, the recycling rate will be reduced. When the third-party recycler does not withdraw from the For the third-party recycler: (1) In the four models, the recycling rate of the third-party recycler will decrease with the increase in competition. When competition intensity is low, the third-party recycler has the highest recycling rate in model C, because increased competition will lead to higher recycling costs, so the manufacturer will reduce the transfer price paid to the third-party recycler. This results in a lack of incentive for the third-party recycler to participate in the recycling; (2) Finally, the recycling rate will be reduced. When the third-party recycler does not withdraw from the recycling activity and the competition intensity is low, the recycling rate of the third-party recycler in model MR is greater than that in model MC. However, the recycling rate of the third-party recycler in model MC is a little higher than that in model MR. This is because when competition intensity is low, manufacturers have a high degree of market information, so model MR will reduce the recycling rate of the third-party recycler. However, as competition increases, model MC can compensate for supply chain losses caused by competition, so third-party recycling rates will be higher.
The Impact of Competition Intensity on the Profits
According to Figure 5a -d, the profits of each SC member, the alliance parties, and the supply chain will decrease with an increase in the competition intensity, but the profit increases in non-alliance or an alliance of the manufacturer and retailer when the third-party recycler exits the market. This shows that the third-party exiting the market has always been beneficial to the manufacturer and retailer, which is consistent with Theorem 4. According to the above comparative analysis, the following conclusions can be drawn: (1) The alliance of the manufacturer and the third-party recycler is uneconomical, because the MC alliance's profit is smaller than that of no alliance when competition intensity reaches a certain value, which can also be verified numerically in Table 2 (2) an alliance between the manufacturer and retailer is better than no alliance; (3) the C alliance is optimal when it is less than the competition threshold θ * , but when greater than the threshold, the profit of model MR and the system profit will be higher than that of model C. This shows that model C is not necessarily optimal. When the manufacturer and third-party in the market participate in recycling simultaneously, the manufacturer should ally with the retailer and third-party recycler. However, According to the above comparative analysis, the following conclusions can be drawn: (1) The alliance of the manufacturer and the third-party recycler is uneconomical, because the MC alliance's profit is smaller than that of no alliance when competition intensity reaches a certain value, which can also be verified numerically in Table 2 . From Table 2 , we can see that when θ = 0.2, π MC > π D (39.53 > 37.027). However, when θ = 0.4, π MC < π D (37.26 < 37.99); (2) an alliance between the manufacturer and retailer is better than no alliance; (3) the C alliance is optimal when it is less than the competition threshold θ * , but when greater than the threshold, the profit of model MR and the system profit will be higher than that of model C. This shows that model C is not necessarily optimal. When the manufacturer and third-party in the market participate in recycling simultaneously, the manufacturer should ally with the retailer and third-party recycler. However, when the competition intensity reaches a certain value, and the third-party withdraws from the alliance, the manufacturer should ally with the retailer. As shown in Table 2 , when θ = 0.2 < θ * * , π C > π MR (58.82 > 57. 48 ). However, when θ = 0.4 > * * θ, π C < π MR (53.59 < 58.13).
Conclusions and Limitations
Considering the recycling competition, we constructed four different alliance models (non-alliance, MR alliance, MC alliance, and C alliance) to find the best alliance for a manufacturer in a CLSC, and analyze the influence of recycling competition on the choice of manufacturers' alliances. Through analysis, the following conclusions were made.
(1) When the competition intensity is greater than the threshold θ * , the third-party recycler will exit the recycling market under model D and model MR, and model C is not absolutely optimal. Also, the third-party's exit is beneficial to the manufacturer, retailer, and supply chain system. Therefore, from the perspective of the third-party recycler, when the manufacturer participates in recycling and the recycling competition is relatively big, the recycler should take the initiative to seek the opportunity of allying with the manufacturer, otherwise, it should not participate in this recycling activity;
(2) When there are two recyclers in the market, the recycling rates of both the manufacturer and third-party will decrease as competition intensity increases. As competition intensity increases and the third-party does not withdraw from the recycling market, the manufacturer in the MR alliance has a higher recycling rate than that in the C alliance. This shows that the advantage of model C is only obvious when there is very small recycling competition, and when there is large recycling competition, it is more beneficial for the manufacturer to maximize profits by allying with retailers. This provides a theoretical reference for enterprises to seek the best alliance partner in the competition and make profit distribution after the alliance;
(3) When the competition intensity is less than the threshold θ * * , an alliance of the manufacturer, the retailer, and the third-party recycler (C alliance) is the optimal decision. When higher than threshold, an alliance of the manufacturer and retailer (MR alliance) is more beneficial. For the SC managers, our conclusions provide theoretical support for the integration of the R&D of green products into the daily operation of enterprises. They can take advantage of this idea to actively seek the best alliance partners, maximize the SC performance, enhance the competitiveness of enterprises, and finally achieve the sustainable SC development.
From the above conclusions, we can find that when we take profit as the measurement standard of the alliance decision, it is unfavorable to the third-party recyclers in the case of recycling competition.
If the manufacturer does not form an alliance with a third party, the third-party recycler will eventually withdraw from the recycling market. That is to say, for the manufacturer, if they participate in recycling activities, it is uneconomic for them to entrust a special third party to carry out recycling at the same time. Through the comparison of the optimal solutions in Section 5, from the perspective of the system and the manufacturer, we found that an alliance between the manufacturer and the third-party recycler (model MC) is not the best alliance decision. The profit distribution in Section 6 ensured that the profit of each alliance member was greater than that of the non-alliance. Therefore, from the perspective of profit, the manufacturer's optimal alliance decision is related to the degree of recycling competition, but the optimal alliance is model MR or model C.
Generally, the alliance models and profit distribution constructed in this paper help manufacturers make better alliance decisions. At the same time, it also enriches the single alliance theory, from the perspective of SC, to achieve competition and cooperation. However, this paper still suffers from limitations and extends future research directions as the following:
